We have noted earlier the inverse relationship between the concentration of the microsomal-fraction-located cytochrome P-450 and the mitochondria1 cytochrome a + a3. These results were in brewer's yeast grown from slope in media at various glucose concentrations (Wiseman et al., 1975) . Similarly, on transfer from 0.5%-glucose-to 20%-glucose-containing media, a rapid fall in the concentration of cytochrome a + a3 was shown to be closely correlated with the sharp rise in the cytochrome
P-450
concentration over the first 6-10h of culture (Wiseman & Woods, 1977) .
Direct addition of cyclic AMP to yeast protoplasts showed a 60% repression of cytochrome P-450 production by the protoplasts being incubated in 5% glucose. Also, it was shown that yeast cyclic AMP concentrations were higher after growth in low-glucose media (Wiseman et al., 1978) . The high rate of growth of the yeast in high-glucose media (Wiseman et al., 1975) is associated with a high rate of glycolysis. Activities of many glycolytic enzymes increase greatly in 20%-glucosecontaining medium (Hommes, 1966) ; these enzymes may also be repressed by cyclic AMP! It should be possible to test this hypothesis directly in yeast protoplasts by addition of cyclic AMP. Cyclic AMP concentrations may also be inversely related to growth rate in yeast, via glucose uptake rate.
We now demonstrate the direct relationship of cytochrome such strains, that will form cytochrome P-450, and in fact produces a significantly higher concentration of the enzyme (Fig. 2) .
Saccharomyces cerevisiae (N.C.Y.C. 240 or 239), freezedried ampoule stock culture, was rehydrated in 20% glucose for 24 h and then inoculated on slopes of Sabouroud-Dextrose agar and incubated for 4days at 3OoC, and then stored at 4°C until required. Yeast was transferred by using a platinum loop to growth medium containing NaCl (0.5%), yeast extract (1%) and bacteriological peptone (2%) and autoclaved at 270 kPa ('151b/in2') for 15min. The medium contained glucose at concentrations ranging from 0.1 to 20%. The glucose solution was autoclaved separately to prevent the formation of breakdown pigments that interfere with the spectrophotometric assay of cytochrome P-450. The yeast was grown in 100ml of medium contained in 250ml conical flasks shaken in a shaking water bath at 30°C at 50rev./min with stroke 5cm for various times. The enzyme (reduced by addition of a few grains of Na,S,O!) was determined by placing yeast suspension (0.1 g wet wt./ml) in each of two spectrophotometer cuvettes of 1 cm light-path in a Pye Unicam SP.1800 instrument. The base-line was recorded between 410 and 490nm, C O was bubbled through the test cuvette and the scan was repeated. The peak height above the base-line at 450nm was used to calculate the concentration of cytochrome P-450 (absorption coefficient taken to be 9 1 mM-' cm-'). Cytochrome a + a3 was determined by absolute spectra of yeast at 607nm, and cyclic AMP was measured in trichloroacetic acid extracts of yeast by the competitive specific protein-binding assay technique, with cyclic [8-JH1 AMP, described previously (Wiseman et al., 1978) . Respiratory-deficient mutants were obtained from yeast (N.C.Y.C. 240) by incubation at 30°C for 24h in 1%-glucose-containing media plus 0.0 1% acriflavin. The streaks from each of these incubations were made on agar slants, and respiratory-deficient colonies were selected. A respiratory-deficient mutant of yeast (N.C.Y.C. 240) was shown to produce cytochrome P-450 even in 0. 1%-glucosecontaining media, where none is normally produced. The mutant tested produced 2.3nmol of cytochrome P-45Olg wet wt. of yeast in 0.1% glucose (and 5.5nmol in 20% glucose Pogson, 1979) . Hypoglycin or its metabolites inhibit gluconeogenesis in liver and kidney in vitro (Patrick, 1966; Billington, 1976; Kean & Pogson, 1979) .
H ypoglycin metabolism is initiated by branched-chain aminotransferase (EC 2.6.1.6). Activity is lowest in liver, but higher in muscle, which, because of its mass, contributes more than 80% of the total body activity (Shinnick & Harper, 1976; Cappuccino et al., 1978) . Hypoglycin and its metabolites could Fig. 1 . Alanine release by skeletal muscles in vitro Muscles were incubated as described in the text in the presence of amino acids with or without 1mM-hypoglycin. Control incubations without added amino acids contained hypoglycin where appropriate. Columns show differences in alanine release between incubations with added amino acids and appropriate controls (numbers of incubations shown in parentheses).
Muscles were from: fed rats (0); 48h-starved rats (M); 48 h-starved rats and incubated with hypoglycin (m).
therefore owe part of their hypoglycaemic action to effects on the metabolism of muscle. Osmundsen et al. (1978) have shown that hypoglycin in uiuo inhibits gluconeogenesis and almost completely abolishes glucose recycling via muscle lactate and alanine. In view of the role of muscle alanine release in the provision of alanine as a gluconeogenic precursor and as recycled glucose carbon (Snell, 1979a (Snell, ,b, 1980 , the effect of hypoglycin on alanine release by muscle in vitro was studied.
Soleus and extensor digitorum longus muscles of rats (70-9Og) were dissected (Maizels et al., 1977) and incubated (Frayn & Maycock, 1979) in glucose-and albumin-free bicarbonate buffer (Snell & Duff, 1977 ) for 1 h with or without 3 mhf-valine or 3 mM-leucine and 1 mM-hypoglycin. Alanine present in the medium and the tissue at the end of the incubation was measured with alanine dehydrogenase (Williamson, 1974) by fluorimetry. Valine stimulated alanine release from skeletal muscles of fed rats, whereas leucine seemed a poor precursor for alanine formation (Fig. 1) . In muscles from starved rats, valineor leucine-stimulated alanine release was greater than in fed rats (Fig. l) , as with diaphragm muscle (Snell & Duff, 1979) . Hypoglycin (1 mM) abolished the amino acid-stimulated release of alanine from muscles of starved rats (Fig. 1) . Valine or leucine had no effect on the muscle contents of alanine in any of these experiments.
Since both leucine-and valine-stimulated alanine release was inhibited, it seems that hypoglycin inhibits the provision of amino nitrogen for alanine formation, rather than the pathway for conversion of valine carbon into pyruvate for alanine formation (Snell & Duff, 1977; Snell, 1979a,b) . The structural similarity of hypoglycin to branched-chain amino acids and its metabolism by enzymes involved in their oxidation suggest that decreased alanine release may be due to inhibition of branchedchain aminotransferase and a decrease in the formation of glutamate for transamination to alanine. Sequestration of CoA through metabolism of hypoglycin to methylenecyclopropylacetyl-CoA has been alternatively implicated in its actions in the liver (Bressler et al., 1969) . In muscle, CoA sequestration would inhibit branched-chain 0x0 acid dehydrogenase, causing an accumulation of branched-chain 0x0 acids and displacing branched-chain aminotransferase towards valine or leucine at the expense of glutamate.
Regardless of the mechanism for hypoglycin inhibition of branched-chain amino acid metabolism, the decrease in conversion into alanine and in release of muscle alanine may contribute to the hypoglycaemic action of hypoglycin in the whole animal. This would be consistent with the observed abolition of glucose recycling in vivo (Osmundsen et nl., 1978) . It is noteworthy that in maple-syrup-urine disease (involving a genetic defect in branched-chain 0x0 acid dehydrogenase) there is a markedly lowered blood concentration of alanine (Haymond er af., 1973) , which may account, in part, for the associated hypoglycaemia.
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